Objective: To measure and compare the activity of the masseter, temporalis and buccinator muscles in different infant feeding methods.
Introduction
The stomatognathic system comprises static and dynamic oral structures, i.e., hard parts (dental arches, maxilla, jaw, hyoid bone and skull bones) and active parts (muscles, body spaces, nerves, and blood vessels) that perform neurovegetative functions (sucking, chewing, swallowing and breathing), speech and facial expression.
These structures are interconnected in such a way that if any of them is disordered, all of them will become disorganized and unbalanced. [1] [2] [3] Craniofacial growth and development rely on genetic and external stimuli, which are provided by breathing, sucking (breastfeeding), swallowing and chewing. Stimuli provided by muscles are the major determinants of growth, as they stretch the bones, resulting in growth or wear, depending on where stretching occurs. 2 As to the effects of breastfeeding on the growth of structures and on the development of stomatognathic system functions, it is common knowledge that appropriate facial growth occurs by means of movements made by the infant during milk expression, when the maxillae are encouraged to grow in a well-directed course. Moreover, breastfeeding allows for oral maturation by stimulating muscle tone and the development of the temporomandibular joint, providing enough room for tooth eruption. [4] [5] [6] [7] [8] [9] [10] [11] [12] doi:10.2223/JPED.1456 Electromyography in natural and artificial feeding Gomes CF et al. Electromyography consists of the assessment of muscle function by analyzing the electrical signal produced during muscle contraction. An electromyograph is used to detect the electrical variables found on the cells during nerve transmission and muscle contraction, which are converted into electrical signals and, after amplification, are displayed on the oscilloscope screen, for later analysis.
Surface electromyography has been currently used to assess various types of pathologies (respiratory disorders, sleep disorders), in the study of specific muscles in athletes and animals, the speech of children with occlusion disorders, in the assessment of infant feeding methods, among others.
The use of electromyography in research is quite recent and has allowed to determine the activity of oral muscles on the different types of feeding, and to compare their strength and activity.
Given the specificities of surface electromyography in the objective assessment of muscle activity and the paucity of studies showing the differences between the activities of the muscles in charge of sucking during breastfeeding, bottle-feeding, and cup-feeding, the aim of the present study is to assess the activity of the masseter, temporalis and buccinator muscles during exclusive breastfeeding, breastfeeding plus bottle-feeding, and exclusive breastfeeding plus cup-feeding as an alternative feeding method.
Methods
A cross-sectional double-blind design was used, in which cause and effect occur concomitantly, which characterizes the moment analyzed herein. 13 Sixty full-term infants aged between 2 and 3 months and with no intercurrent diseases were included in the study. They were divided into three groups: Group 1: 20 infants on exclusive breastfeeding; Group 2: 20 infants on breastfeeding plus bottle-feeding; Group 3: 20 infants on exclusive breastfeeding who could be cup-fed during the electromyography.
A convenience sample was used, since 212 invitations had been sent out and 64 mothers accepted to participate in the study. Four infants were excluded from the study: three for being exclusively breastfed and one for having inconclusive exam results. The following inclusion criteria were used: infants aged between 60 and 90 days at the time of electromyography on either exclusive breastfeeding or mixed feeding; full-term infants, with birth weight greater than 2,500 g; and infants with no intercurrent diseases in the prenatal, perinatal and postnatal periods.
The following were not included in the study: twins; those on artificial exclusive breastfeeding, and those who could not be submitted to electromyography.
The differences in the activity of the masseter in breastfed and bottle-fed infants, in the study conducted by Sakashita et al., 14 were used to calculate the sample size of this study. By considering α = 5% and ß = 80%, we stipulated 18 infants per group; however, we assessed 20 infants in each group to maintain a safe margin.
Sixty electromyographies were performed between The expert carried out an independent analysis, i.e., he was blinded to the feeding method used at the time of electromyography, with no interference from the researcher.
Non-parametric analysis of variance for data with nonnormal distribution (Kruskal-Wallis test) was used, complemented by multiple paired comparisons. 15 Medians, semi-interquartile range, lower and upper thresholds, first and third quartiles and minimum and maximum values of quantitative variables according to the study groups were also determined. A significance level of 5% and a 95%CI were used.
Results

Patients
The statistical analysis did not show any differences between the studied groups and age (medians of 82.50 days for those infants on exclusive breastfeeding, 83.00 days for those on breastfeeding plus bottle-feeding, and
84.00 days for those on exclusive breastfeeding plus cup feeding), since the variable is an inclusion criterion, i.e., only infants between 30 and 90 days participated in the study (Table 1) .
Exam results
The assessment of muscles included range of contraction and mean contraction of the masseter, temporalis, and buccinator muscles.
Range of contraction and mean contraction of the masseter
The statistical analysis showed a significant result when the groups were compared as to the type of feeding, allowing us to conclude that the cup-feeding (median of 3.07 µv) and bottle-feeding (median of 1.94 µv) groups differ between each other.
Moreover, the mean contraction of the masseter in the breastfeeding group (median of 80 µv) differs from that of the bottle-feeding group (median of 50 µv) ( Table 2) .
Range of contraction and mean contraction of the temporalis muscle
There are differences between the groups regarding the range of contraction of the temporalis muscle, which corroborate that the breastfeeding (median of 4.02 µv) and cup-feeding (median of 3.84 µv) groups differ from the bottle-feeding group (median of 1.81 µv).
As to the mean contraction of the temporalis muscle, the breastfeeding (median of 111.25 µv) and cup-feeding (median of 96.04 µv) groups differ from the bottle-feeding group (median of 48.03 µv) ( Table 3) .
Range of contraction and mean contraction of the buccinator muscle
As shown in Table 4 , there are differences between the groups as to the range of contraction of the buccinator muscle, corroborating that the bottle-feeding group (median of 1.70 µv) differs from the breastfeeding group (median of 1.20 µv).
With regard to the mean contraction of the buccinator muscle, no differences were observed between the groups in the three types of feeding after the statistical analysis (Table 4) . breastfeeding, since it helps milk expression through jaw movements, more specifically by raising the jaw and protruding it, being regarded as a powerful muscle that is resistant to stretching. [5] [6] [7] [8] [9] [10] [11] jaw movements favor the appropriate growth and positioning of the jaw for tooth eruption. Therefore, the masseter plays a crucial role in infant feeding, which is accomplished only by breastfeeding and cup-feeding, because bottle-feeding reduces masseter activity, increases buccinator activity, reduces jaw movements, causes the tongue to retract, with possible hypoactivity and hyperactivity, depending on the type of sucking. 19 The previously described results are similar to those reported in the literature. In the study by Sakashita et al., 14 the electromyographic results reveal greater masseter activity in breastfeeding than in bottle-feeding, leading to the conclusion that bottle-fed infants may have masticatory dysfunctions, resulting in possible masticatory and swallowing disorders.
Likewise, the study conducted by Tamura et al. 20 shows that, in bottle-feeding, the masseter has a remarkably lower activity compared to breastfeeding.
Although most studies corroborate the data obtained herein, Sakashita et al. 14 Few studies have assessed the activity of the temporalis muscle, possibly because it is more related to movement than to strength, being responsible, just like the masseter, for elevation of the jawbone due to the combination of its fibers with those of the masseter and medial pterygoid. [16] [17] [18] The temporalis muscle serves a double purpose: elevation of the jawbone, due to its vertical fibers, and retraction, due to its oblique and horizontal fibers. 19, 22 Even though there seems to be no electromyographic studies carried out during cup-feeding, the present study infers that if an alternative feeding method is necessary, cup-feeding would be more appropriate than bottle-feeding, since it prevents nipple confusion and allows the participation of the masseter and temporalis muscles in a similar way to the participation of these muscles in breastfeeding. By comparing the breastfeeding groups, it may be concluded that the activity of the muscles in breastfeeding and bottle-feeding is concurrent with the literature data, but no scientific studies exist corroborating the results obtained with cup-feeding.
The data obtained allow concluding that in both breastfeeding and cup-feeding, the same muscles act in a similar fashion (without statistically significant differences), with a greater participation of the masseter and temporalis muscles and a smaller participation of the buccinator muscles.
Breastfeeding is therefore the most appropriate infant feeding method, and cup-feeding is recommended as a substitute for breastfeeding when breastfeeding is not possible, as the active muscles in both methods are the same, not causing nipple confusion.
The method used for data collection and analysis was appropriate for the study objectives. However, some biases may have interfered with the results, for instance, the use of pacifiers by 50% of infants in the breastfeeding plus bottle-feeding group. This may have changed the sucking pattern of infants, despite the fact that they were already being bottle-fed.
New studies should be conducted in order to assess the activity of the tongue and other oral structures in both feeding methods, determining whether there are differences in bottle-feeding and cup-feeding.
Further studies should also be carried out with preterm infants and babies with syndromes or head and neck malformations, so as to check the possibility to implement cup-feeding and to evaluate its efficiency in specific infant populations.
Cup-feeding should not be used as the single feeding method in infants, since it involves no sucking or milk expression; quite on the contrary, the baby only takes the milk. What is therefore highlighted is that cup-feeding should be used as an alternative and temporary feeding method until breastfeeding can be re-established.
